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1. INTRODUCTION 

This document i s  submitted a s  t he  Fourth Quarterly Status Report 

on the NASA Contract NASw-842. The purpose of t h i s  contract i s  t o  provide 

NASA with a research effor t ,  the  anticipated outcome of which i s  the develop- 

ment of an instrument f o r  detection of e x t r a t e r r e s t r i a l  l i f e  by means of 

op t ica l  rotatory dispersion. 

For the  sake of convenience, t he  statement of work i s  reproduced 

below. The work during the  period covered by this report  has been devoted 

t o  items A and B. This i s  i n  keeping w i t h  t he  schedule se t  f o r t h  i n  

paragraph 4 (Future Work) detai led i n  the  Third Quarterly Report. 

2. STATEMENT OF WORK 

A.  Design, fabr icate ,  and tes t  a breadboard model of an 
instrument f o r  the detection of e x t r a t e r r e s t r i a l  l i f e  by 
means of op t ica l  rotatory dispersion. 

B. Upon completion of the  breadboard phase, and a f t e r  tests 
have been conducted t o  prove design f eas ib i l i t y ,  prototype 
un i t s  w i l l  be  designed. 

C. Upon completion of the prototype designs, two models w i l l  be 
constructed fo r  proof tes t ing .  

D. Deliver one f l i g h t  prototype instrument t h a t  has been f u l l y  
tes ted.  

3 .  WORK PERFORMED DURING FOURTH QUARTER 
(November 25,1964 - February 24, 1965) 

A. Debugging of the  opt ical  e lectronic  breadboard has been 

coxlpleted . 
B. Design of t h e  mechanical and processing portions of the 

breadboard has been in i t i a t ed .  

C. Functional analysis and design of the  complete system f o r  

automatic operation has been in i t i a t ed  and i s  approaching completion. 

1 
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D. The spectral  bandwidth of t h e  radiat ion used t o  Illuminate 

the  sample has been investigated. 

requirements a re  very severe a t  254 r q ~ ,  but a re  considerably relaxed i n  

the neighborhood of 365 rqr. Operation a t  365 q~ e n t a i l s  l i t t l e  o r  no l o s s  

i n  sens i t i v i ty  and eases, or eliminates, many of the instrumentation problems. 

I t s  effectiveness f o r  the  ex t rac ts  of s o i l  samples remains t o  be evaluated. 

I n  terms of t he  nucleic acids the 

E. An investigation has been i n i t i a t e d  f o r  determining the  

optimum conditions f o r  extraction of opt ical ly  ac t ive  products from s o i l  

samples. 

radioactive t r ace r s  t o  determine the  efficiency of extraction, 

t h u s  f a r ,  been applied only t o  nucleic acids. 

ear ly  stages, but nucleic acids have been successfully extracted from s o i l  

samples. 

radioactive t r a c e r  technique. 

optimum and work i s  continuing t o  improve the  extract ion process. 

r e s t r i c t i o n s  iqposed by the  mission f o r  which th i s  instrumentation i s  intended 

a r e  continually kept i n  mind i n  choosing o r  modifying extraction procedures. 

Consideration i s  a l so  being given t o  organic consti tuents of s o i l  other than 

nucleic acids. 

h e  of t he  techniques employed i n  t h i s  investigation u t i l i z e s  

T h i s  has, 

The work i s  s t i l l  i n  i t s  

The efficiency of the  process i s  being checked by mearia c;f t 5 e  

Efficiencies a t ta ined t o  date a r e  not considered 

The 

Detai ls  of the work performed w i l l  be found i n  Section 5 

(Discussion) , 

4. FUTURE WORK (FIFTH  QUART^) 

The principal  e f fo r t  during the  next report  period w i l l  be 

concerned with the construction and evaluation of an advanced breadboard 

system adequate f o r  c r i t i c a l l y  evaluating the s c i e n t i f i c  and technical  aspects 

of op t i ca l  rotatory dispersion a s  one means f o r  investigating the presence of 

2 



ex t r a t e r r e s t r i a l  l i f e  past  o r  present. The paucity of opportunity and the 

expense and labor  involved i n  an ex t r a t e r r e s t r i a l  mission f o r  conducting a 

biological  investigation emphatically require t h a t  the probabi l i ty  of 

successml operation of any experiment sent on such a mission be a s  high 

a s  possible,  This has been, and continues t o  be, the guiding pr inciple  i n  

the development of an instrument f o r  detection of ex t r a t e r r e s t r i a l  l i f e  by 

opt ical  rotatory dispersion. 

and technical aspects of the experiment may be considered of equal importance. 

HoweVer, the extent t o  which the technical e f fo r t  supports the goals of t h i s  

I n  terms of t h i s  pr inciple  both the sc i en t i f i c  

experiment, no matter how good the  effor t ,  i s  l imi t ed ,  i n  t he  f i n a l  analysis, 

by t h e  sc i en t i f i c  understanding of the phenomena t o  be detected, 

it may be considered important t o  l i m i t  or expand the amount of information 

t o  be obtgined from th is  experiment. 

made on the  bas i s  of the fullest possible understanding of t h e  phenomena 

of i n t e re s t  vis-a-vis t he  other factors  which pertain.  Even though w e  a r e  

l imited t d  t e r r e s t r i a l  biology and our  best decision-making e f f o r t s  r e su l t  

i n  guesses, it i s  nevertheless t r u e  tha t  the most educated guess possible 

i s  required,  

itself w i t h  those aspects l i s t e d  below. 

Further, 

This decision can obvioualjr best be 

For these reasons, t he  future  work on t h i s  project  w i l l  concern 

A .  Complete the design and construction of an advanced breadboard 

instrument; t h i s  breadboard t o  be used t o  evaluate the  technical aspects and 

the Vperational strategy which has been chosen. 

B. 

C. 

Continue the investigation of s o i l  extraction procedures. 

Investigate and define the consti tuents of s o i l  ex t rac ts  

w i t h  par t icu lar  a t ten t ion  being paid t o  the opt ical ly  ac t ive  components. 

3 
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D. Insofar a s  possible, incorporate new ins ights  and new inform- 

a t ion  in to  the  design and construction of the advanced breadboard. 

E. Upon completion of construction of the advanced breadboard, 

evaluate it w i t h  respect t o  i t s  sc i en t i f i c  capabi l i ty  and operational 

strategy. 

F. Unt i l  the advanced breadboard i s  completed and operational, 

u t i l i z e  the present breadboard f o r  determinations of op t ica l  ac t iv i ty .  

G. Make recommendations with regard t o  the sc i en t i f i c  capabi l i t i es  

and funct ionalbehanior  t o  be expected from the next generation of t h i s  kind 

of instrument; these recommendations t o  be based upon the  r e su l t s  obtained 

w i t h  the  present and t h e  advanced breadboards, a s  well a s  the investigation 

of the s o i l  extraction procedures and the  contents of s o i l  extracts .  

5 .  DISCUSSION 

5 -1 Introduction 

The device being developed on th i s  project  f o r  detecting extra- 

t e r r e s t r i a l  l i f e  by opt ica l  rotatory dispersion i n  an exobiological 

environment i s  based upon novel instrumentation pr inciples  f o r  detecting 

and measuring t h i s  phenomenon. Theoretical analysis  has shown t h a t  these 

pr inc ip les  a r e  sound and experimental data has confirmed t h i s  resu l t .  

theless ,  i n  keeping w i t h  the  principle enunciated i n  paragraph 4, namely, 

Never- 

providing t h e  highest possible probabili ty of success, the instrumental 

development program has been kept continually sensi t ive t o  the  results of 

experiment and the  acquis i t ion of new knowledge. 

obviously not be allowed t o  endure indefini te ly .  Indeed, a s  shown i n  

paragraph 4, it w i l l  be dras t ica l ly  cur ta i led and f i n a l l y  eliminated dur ing  

the  next report  period. 

T h i s  freedom t o  change can 

4 
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5 *2 Summary of Work Performed 

The work performed on the  various aspects of t h i s  project  during 

th i s  report  period i s  summarized i n  t h i s  section. More detai led exposition 

appears i n  the succeeding sections. The calculations f o r  the hydraulic 

system a r e  given i n  the  appendix. 

5 . 2 J  Extraction Process 

O f  basic  importance t o  the  sc i en t i f i c  aspects of t h i s  experiment 

and t o  t h e  detai led design of t h e  instrument i s  the  question of the nature 

of the sample which will be presented, and the functional charac te r i s t ics  

of t he  instrument required t o  detect  and measure t h i s  sample. Since t h i s  

experiment i s  t o  be performed i n  an exobiological environment, it i s  obvious. 

t h a t  any specif icat ion a s  t o  the  nature of t he  sample it w i l l  operate on 

i s  an assumption. Nevertheless, t h e  design, development and evzluatlcz ef 

an instrument requires the  introduction of samples which a re  known both 

quant i ta t ively and qual i ta t ively.  I n  this regard, it has become apparent, 

i n - t b e  course of using the exis t ing breadboard, t h a t  s o i l  samples can not 

we11 be compared with each other, even if  taken from the same loca le  when 

only silmple extract ion procedures are u t i l i zed  and no a t t m p t  i s  made a t  

chemical analysis. Thus an e f f o r t  was i n i t i a t e d  t o  invest igate  the  extract ion 

process and b e t t e r  characterize the  nature of the extract .  

5 .2.2 Electro-optical  

When nucleic acid solutions w e r e  introduced in to  the  breadboard 

i n s t m e n t  f o r  measurement, it was found t h a t  operation a t  254 qi, w i t h  t he  

spec t r a l  band defined by opt ical  filters, gave poor or  negative resulls. 

However, operation a t  360 

reported i n  the  l i t e r a t u r e .  

gave r e su l t s  which agreed exactly with those 

This behavior, i n  the neighborhood of 254 qi, 

5 



i s  due t o  the  rapid change of opt ical  ro ta t ion  with wavelength ( t h i s  i s  i n  

the  Cotton region) coupled with t h e  r e l a t ive ly  broad spec t ra l  bandwidth of 

op t ica l  f i l ters and the  shape of the absorption spectrum. I n  contrast, i n  

t he  neighborhood of 365 mp t he  opt ical  rotatory dispersion of nucleic acids  

i s  a slowly varying function, is  reduced by only a small factor ,  and the  

opt ica l  density approaches zero. For a given opt ica l  pathlength, l i g h t  

source, and phototube sens i t i v i ty  the grea t ly  reduced opt ica l  density means 

t h a t  t he  concentration of solute  may be much greater  when measurements' a r e  

made i n  the  neighborhood of 365 9 than when they a re  made i n  the  neighborhood 

of 254 mp. 

neighborhood of 365 mp may result i n  equal or  enhanced sens i t i v i ty  when 

compared with operation i n  the neighborhood of 254 q.t ( la rger  s o i l  samples 

or more complete extract ion possible). (Alkaline ex t rac ts  of s o i l  aaiqles  

have a l so  been observed t o  exhibit much grea te r  opt ical  density i n  the  

neighborhood of 254 mp than i n  the neighborhood of 360 191. 

of t h i s  analysis, it was decided t o  u t i l i z e  the  360 

instrumental operation ra ther  than the  254 mp mercury l i ne .  

5-2-3 Hydraulic System/Mechanical System 

This s i tua t ion  makes it en t i r e ly  possible t h a t  operation i n  the  

On the  b a s i s  

mercury l i n e  f o r  

I n  making the  s o i l  ex t rac ts  it was noted t h a t  any f i l ters  u t i l i zed  

very quickly clogged with sediment from the  so i l .  

s e v e r e l y l i m i t  t h e  amount of extract  t h a t  could be obtained and a l so  increase 

t h e  power burden due t o  the f i l t r a t i o n  by necessitating higher d i f f e r e n t i a l  

pressures  and long f i l t r a t i o n  times. 

free of sediment and simultaneously providing strong ag i ta t ion  of the  

reac t ion  mixture  i s  being incorporated in to  the  design t o  minimize o r  

eliminate this  d i f f i cu l ty .  

This would obviously 

Provision f o r  keeping the  f i l t e r  surface 

6 



Detailed a t ten t ion  was also given t o  the  var iable  pathlength 

c e l l  and t o  an a l te rna te  method of achieving t h e  same goal which consis ts  

of d i lu t ing  the  f i l t r a t e  by approximately the  same fac to r  a s  would be true 

f o r  the change i n  pathlength of t h e  var iable  pathlength ce l l .  The clogging 

of t h e  f i l t e r  upon f i l t r a t i o n  of the s o i l  extract-extracting f l u i d  mixture 

necessi ta tes  the use  of a pos i t ive  mixer t o  keep the  surface of the  f i l t e r  

c l ea r  of sediment insofar a s  possible. The presence of t h i s  mixer makes 

possible  the use  of addithonal solvent a s  di luent  t o  perform the  same function 

a s  would have been performed by the var iable  pathlength ce l l .  Dilution i s  

considered preferable t o  changing the pathlength of the sample c e l l  and the  

design of t he  advanced breadboard presently being carr ied forward i s  

incorporating a mixer and mixing chamber and provision f o r  d i lu t ing  the 

mixture .  

5.2.4 Electronics 

An operational s t ra tegy has been chosen. Detailed design i s  

essent ia l ly  completed f o r  automating the  instrument i n  accordance w i t h  t h i s  

s t ra tegy.  Included a r e  the electronic, electromechanical, and log ic  functions. 

6. DETAILED DISCUSSION 

6.1 Extraction of Soi l  Samples 

6.1.1 Introduction 

Ideally, the extraction procedure f o r  s o i l  samples should yield 

on ly  products which have opt ica l  rotatory dispersions which a r e  addi t ive 

i n  t h e  region of the spectrum where the measurement i s  made. Interfer ing 

substances which de t r ac t  from the amplitude of op t ica l  ro ta t ion  should be 

a 
discriminated against. 

must,  therefore, be based upon detailed knowledge of t he  opt ica l  rotatory 

Choosing an extraction procedure f o r  t he  instrument 

7 



dispersion behavior of substances, o r  t h e i r  degradation products, which 

a re  t o  be found i n  s o i l .  

acids r e l a t ive ly  small molecules when found i n  s o i l  may provide some clues 

tothe parent molecules. 

an extract ion procedure and a spec t ra l  region within wWch to operate, but 

may also permit refinement, of the estimate of the  kinds of substances, i n  

terms of t h e i r  op t ica l  ac t iv i ty ,  one might expect t o  f ind  i n  Martian s o i l .  

Thus the  overa l l  objective of t h i s  e f f o r t  i s  t o  characterize chemically and 

i n  terms of op t ica l  rotatory dispersion the  consti tuents of s o i l  extracts .  

Corollary t o  this is  the need f o r  knowing, qua l i ta t ive ly  and quant i ta t ively,  

the  chemical and op t i ca l  h i s t o r y  of known substances a f t e r  they have been 

introduced i n t o  s o i l  samples and have been t r ea t ed  in a manner designed t o  

simulate the  natural processes. 

As opposed t o  large molecules such a s  t h e  nucleic 

T h i s  knowledge w i l l  be useful  not only f o r  choosing 

Since nucleic acids are ubiquitous i n  t e r r e s t r i a l  biology and 

since they a re  a l s o  readi ly  available i n  pure form, they have been chosen 

f o r  the  i n i t i a l  studies.  

of the percent y i e ld  (obtained w i t h  radioactive t r ace r  techniques) depends 

upon the  spec i f ic  ro t a t ion  of the substance i n  question. Thus a substance 

with r e l a t ive ly  low y ie ld  but high specif ic  ro ta t ion  may be a more sens i t ive  

index than one high yield,  but l a w  spec i f ic  rotation. 

and comparison coupled with an estimate of probabili ty of occurrence is the 

ult imate goal of this e f fo r t .  

during t h i s  reporting period i s  given below. 

It should be noted that assessment of the adequacy 

Such assessment 

The specif ic  objective f o r  t h e  work performed 

l -  

8 



6.1.2 Work Performed 

6.1.2.1 Specific Objective and Rationale 

The primary objective of the current experiments i s  t o  invest igate  

non-destructive extraction procedures f o r  nucleic acids  present i n  s o i l s  -- 
procedures which w i l l  solubi l ize  both undegraded ribonucleic acids  (RNA) 

and undegraded deoqribonucleic acids (DNA) i n  good yield, but  which w i l l  

solubi l ize  only a minimum quantity of in te r fe r ing  compounds such a s  poly- 

peptides and proteins. 

t h e  f a c t  that  although the  opt ical  rotatory dispersion curves of RNA and DNA 

a r e  qual i ta t ively the same, the constituent nucleotides not only exhibit 

considerably less opt ical  ro ta t ion  than do t h e  in t ac t  nucleic acids, b u t  

d i f fe ren t  nucleotides ro t a t e  l i g h t  of a given wavelength i n  opposite direct ions 

Mixtures of nucleotides, therefore, o r  of nucleotides and iiiicleic acids, 

might appear t o  contain no opt ical ly  ac t ive  molecular species. Similarly, 

proteins  and polypeptides a re  levorotatory a t  wavelengths a t  which nucleic 

acids  a r e  dextrorotatory. 

The need f o r  non-destructive procedures i s  based on 

(See above f o r  discussion of r e l a t ive  importance.) 

Many procedures which have been used more or less routinely f o r  

the analysis  of nucleic acids i n  bac ter ia l  o r  t i s s u e  samples a r e  either 

spec i f ic  fo r  DNA or RNA, or cause the complete o r  p a r t i a l  hydrolysis of 

nucleic acids  t o  nucleotides and nucleosides. 

for  example, solubi l izes  RNA without appreciable degradation, but does not 

dissolve DNA. 

of the i n s t a b i l i t y  of aqueous phenol and because of the d i f f i c u l t i e s  inhereEt 

i n  the handling of highly corrosive solutions. 

method, i n  which the  material t o  be extracted i s  t reated w i t h  1 N a l k a l i  

a t  37OC f o r  16-20 hours, hydrolysis of RNA t o  i t s  constituent nucleotides 

1 Extraction w i t h  aqueous phenol 

T h i s  solvent system would probably a l so  be unsuitable because 

2 I n  the Schmidt-Thannhauser 

9 



I -  
i s  almost complete, whereas DNA i s  not grea t ly  degraded. Trichloroacetic 

and perchloric acids3y4 which coagulate proteins have a l s o  been used, but 

both OT these acids tend t o  degrade F3A and DNA. Milder procedures, such 

a s  extraction with hot 16 NaCl o r  with citrate-EDTA (tetraethylenediamine 

acetate)  have been used successfully f o r  t h e  extract ion of i n t ac t  nucleic 

acids from microorganisms, b u t  w i l l  a lso extract  proteins  and peptides. 

Because D f  t h e  requirements f o r  s t e r i l i za t ion  of a l l  reagents employed, it 

would be preferable i f  a simple inorganic s a l t  (o r  non-reactive mixture  of in- 

organic s a l t s )  could be used- 

5 

Since the  evaluation of extraction and pur i f ica t ion  procedures 

i s  frequently f a c i l i t a t e d  by the use of radioactive t racers ,  a s  w e l l  a s  by 

the determination of opt ical  absorption curves, both of these procedures 

have been employed i n  the  current studies. 

6.1.2.2 Ekp er imental 

Material and Equipment 

The s o i l  used throughout t h i s  set of experiments was c-tainel 

the v i c i n i t y  of Melpar' s F a l l s  Church plant.  

i n  

The tritium-labeled ribonucleic acid used a s  a t racer  had been 

prepared from - E. coli .  

was grown under standard conditions i n  a medium containing uracil-H . 
the washed cells were lysed w i t h  sodium l au ry l  sulfate ,  t he  RNA was extracted 

w i t h  aqueous phenol and subjected t o  pur i f ica t ion  on Sephadex G-25. 

f i n a l  solution contained 735 YRNA/IL~L, with an ac t iv i ty  of 2.01 x 10 dpm/d, 

equivalent t o  2,750 dpm/# RNA. 

A uracil-requiring mutant of - -  E. c o l i  (ATCC No- 9723-g) 

3 After 

The 

6 

A l l  buffers  were prepared from reagent grade, commercially obtained, 

s a l t s  . 

10 



1 -  
Spectra were obtained w i t h  a Bausch and Lomb 505 recording 

I -  
spectrophotometer. 

Radioactivit ies were determined i n  a f u l l y  automatic Packard 

Tri-Carb Liquid Sc in t i l l a t i on  Spectrometer, u s i n g  Bray' s countir-g solution, 

w i t h  a counting efficiency of 13.5$. 

Zxtraction Procedures 

a. Air-dried s o i l  samples (5%.0 g each) were agi ta ted f o r  1 minute 

w i t h  10.0 m l  buffer solution and centrifuged f o r  10 minutes (desk top 

centrifuge, approximately 3,000 rpm) .  

i n  contact with buffer f o r  16 hours before centrifugation. 

natant solutions w e r e  withdrawn and undiluted, a s  w e l l  a s  s e r i a l ly  diluted,  

a l iquots  were used t o  determine absorption spectra i n  t h e  near u l t rav io le t  

range (220 mp t o  350 q,) . 

One series of s o i l  samples was l e f t  

The c lear  super- 

b . Tritium-labeled ribonucleic acid (0.1 m l  solution containing 

73 

samples were l e f t  t o  air-dry a t  room temperature. 

agi ta ted with 2.0 m l  buffer  solution fo r  1 minute and centrifuged f o r  10 minutes. 

Aliquots of t he  supernatant solutions, withdrawn immediately a f t e r  centrifuging, 

were used t o  determine radioact ivi ty  arid opt ical  absorption i n  t h e  near u l t ra -  

v io le t .  

RNA) was added t o  1.0 g s o i l  samples. After thorough mixing, these s o i l  

Each dried sample was 

Results and Discussion 

Typical a5sorption spectra obtained w i t h  both phosphate and borate 

buffer  extracts,  and w i t h  sodium hydroxide extracts,  of  untreated soil samples 

and of RNA-treated s o i l  samples a r e  shown i n  f igures  1,2, and 3. 

ex t r ac t s  absorbed strongly between 220 q, and 300 mp, but no peaks assignable 

t o  nucleic acids were found. 

A l l  of the 

A possible exception was the pH 9.0 borate extract  
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of a s o i l  sample t o  which RXA had been added (fig. 2 ) . 
Recovery data f o r  tritium-labeled RNA added t o  dry s o i l s  a re  

shown i n  t ab le  I. 

more e f f i c i en t  a t  higher than a t  lower pH values, although none of the four 

With both phosphate and borate buffers,  extraction was 

conditions used gave high efficiency. 

held by the  powdered s o i l  sample. 

Ribonucleic acid appears t o  be firmly 

The t r ace r  r e su l t s  a r e  i n  f a i r  agreement with the spectral  data; 

i n  both sets of experiments the pH 9.0 borate buffer  was the  best of t he  

systems investigated. The spectral  data a l so  indicate  t h a t  absorption curves 

on unpurified ex t rac ts  a r e  not a sensit ive index of extraction efficiency, 

probably because of t h e  complex m i x t u r e s  of u l t rav io le t  sbsorbing compounds 

present i n  so i l s .  

Improved recoveries o f  added nucleic acids, a s  w e l l  a s  of aucleic: 

acids  present i n  so i l s ,  might be obtained by increasing solution t o  s o i l  

ra t ios ,  increasing extract ion temperatures, or by the addition of chelating 

or  surface ac t ive  agents. 

t h e  soil-buffer suspensions, o r  recycling of  t h e  solvent, might w e l l  be a 

Fil tering, under either suction o r  pressure, of 

marked i q r  ovement over centrifugation. 

6.2 Elect ro- Opt i c a i  

One of t he  problems which have been encountered i n  the use  of 

t h e  existing breadboard has been the fac t ,  using simple filters, it has not 

been possible  t o  obtain opt ical  rotat ion data a t  254 mp fo r  nucleic acid 

solutions, whereas a t  365 q~, results were obtained i n  exact agreement with 

6 the l i t e r a t u r e .  Investigation of these r e su l t s  leads t o  the following 

explanation and a l so  indicates the methods which must be employed t o  correct 

th i s  behavior. 
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Optical f i l ters are, i n  general, not capable of i so la t ing  very 

narrow portions of a spectrum with large attenuation of the  undesired 

portions of the  spectrum. 

do not have suf f ic ien t  attenuation i n  the  stop band t o  make t h a  f u l l y  useful. 

The reasons f o r  t h i s  a r e  t h a t  i n  the neighborhood of 254 ngr the  nucleic acids  

and a l so  t h e  ex t rac ts  of s o i l  samples exhibit  appreciable opt ica l  density. 

This, i n  e f fec t ,  serves t o  change the charac te r i s t ics  of t he  opt ical  f i l t e r  

employed i n  such fashion t h a t  t he  f i l t e r ’ s  functional behavior approaches 

t h a t  charac te r i s t ic  of neutral  density f i l t e r s .  In  addition, any other 

waveleagths trmsaitted by the  opt ical  system through the  sample which exhibi t  

op t ica l  rotat ions d i f fe ren t  from tha t  a t  254 mp w i l l  serve t o  a l t e r  the 

ro tz t ion  of t he  plane of polarization a t  254 w. 
ro ta t ion  i s  the  vector sum of the  rotat ions of a l l  t he  wavelengtlns ti-ansi;;lttec? 

by t h e  system. 

opt lca l  a c t i v i t y  or op t ica l  ac t iv i ty  of reversed sign, and i f ,  i n  addition, 

t he  in tens i ty  of the  radiat ion a t  these undesired wavelengths i s  appreciable, 

then the  apparent opt ical  ac t iv i ty  w i l l  be reduced from the  value a t  254 n7.r 

alone. 

Interference f i l ters  which have a narrow passband 

The observed opt ica l  

If the  transmitted spectral  band includes a region of l i t t l e  

Indeed, the  observed value could go t o  zero or even change sign. 

Figure 4 shows the  opt ical  rotatory dispersion of saLnon DNA i n  

6 t h e  u l t r av io l e t  region a s  reported by Samejima and Yang . 
spec t ra l  region i n  the  neighborhood of 254 ny,, which shows levorotatory 

opt ica l  ac t iv i ty ,  i s  ra ther  narrow with a sharp peak and steeply slopixg sides. 

Even if  the  opt ical  f i l t e r  passband were l imited t o  t h i s  levorotatory opt ica l  

a c t i v i t y  region of t3.e spectrum, energy a t  wavelen&ths which experience mall 

amounts of opt icel  a c t i v i t y  would add vectoral ly  t o  the energy a t  254 mp with 

t h e  r e s u l t  t h a t  the  sinusoidal signal present i n  the  output of a mult ipl ier  

Note t h a t  t he  

17 
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phototube used a s  the detector would be shif ted i n  phase by some amount less 

than t h a t  a t  254 mp f o r  t he  gtven concentration of opt ical ly  ac t ive  substance. 

This s t a t e  of a f f a i r s  i s  shown i n  f igure  5 .  For simplicity, assume 

the  l i g h t  source emits white l i g h t  (equal energy a t  a l l  wavelengths) ar-d 

t h a t  t he  spectral  response of t h e  phototube i s  uniform f o r  a l l  wavelengths. 

Then a l te ra t ions  i n  the in tens i ty  of the l i g h t  passing through t h e  system 

a r e  due t o  absorption by the sample a t  t h a t  wavelength. The phototube senses 

only amplitude of the l i g h t  which has passed through t h e  sample and ro ta t ing  

analyzer without regard t o  wavelength. 

The vectors shown i n  the  figure represent t he  amplitude and phase 

of t he  sinusoidal modulation of t he  l i g h t  in tens i ty  produced by the  rotat ion 

of t h e  analyzer prism with respect t o  the polar izer  prism. The sample resides  

between these two prisms. The x-axis coincides w i t h  the reference ?rum which 

opt ica l  ro ta t ion  i s  measured and represents t h e  spa t i a l  posit ion of t he  plane 

of polar izat ion i n  the absence of an opt ical ly  act ive sample. Also 

= t he  amplitude of  l i g h t  a t  wavelength,ho 
AO 

A0 = wavelength a t  which the sample has maximum opt ical  a c t i v i t y  
and strong absorption 

go = optical  ro ta t ion  o f A  by sample 
0 

1 A = t h e  amplitude of l i gh t  a t  wavelength,h 

= than maximum and weak absorption 

$2$ = optical  ro ta t ion  o f A  by sample 

V = t he  vector sum of V and V 

1 
wavelength a t  which the sample has opt ical  ac t iv i ty  less 

1 

A 0 1 
AA = t he  amplitude of V1 

@A = t h e  apparent opt ical  rotat ion 
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Inspection of f igure 5 shows t h a t  aA, t h e  ap2arent opt ical  

ro ta t ion  i s  less than $-, the maximum opt ica l  rotation. 
- u  

-1 Y a -1 yo + y1 

xo + 5 
The angle, @A = t an  - = t an  

X a 

This i s  the condition f o r  maximum observed rotation. 

= y-axis projection of v 
YO 0 

= y-axis projection of v 

= x-axis projection of vo 
y1 1 

x 

5 = x-axis projection of v 

The f igure shows c lear ly  tha t  the apparent opt ical  ro ta t ion  

0 

i s  sensi t ive t o  the  presence of wavelengths of smaller opt ical  a c t i v i t y  

than the maximum. The magnitude of t he  e f f ec t  depends upon the r e l a t ive  

opt ica l  ro ta t ion  of the interfer ing wavelength and i t s  amplitude. 

Returning t o  cnnsideration of t he  nucleic acids  i n  the  neighbor- 

hood of 254 mp. I n  this region of the spectrum, a s  shown i n  figure k , 
the opt ica l  rotatory dispersion var ies  very rapidly with wavelength. Thus 

maximum sens i t i v i ty  requires very small spectral  bandwidth. This requirement 

cannot readily 5e sa t i s f i ed  w i t h  f i l ters  and resor t  mus t  be had t o  a 

monochromator, a more complex system. A t  365 mp, again referr ing t o  

figure k , the  slope of the opt ical  rotatory dispersion curve var ies  gradually 

which minimizes the reduction i n  apparent op t ica l  ro ta t ion  i n  the  presence 

of r e l a t ive ly  broad spectral  bandwidth. It should be possible t o  s a t i s fy  

the requirements a t  365 mp w i t h  simple opt ica l  f i l ters.  Indeed, t he  

experimental r e s u l t s ,  a s  stated above confirm this result. 

For these reasons and assuming t h a t  nucleic acids a re  the 

21 



substances whose opt ical  a c t i v i t y  i s  of prime i n t e r e s t  i n  t h i s  application, 

365 q~ has been provisionally chosen a s  t h e  wavelength a t  which t o  conduct 

t he  experiment. This i s  an a t t r ac t ive  port ion of t h e  spectrum i n  which t o  

operate a s  a strong mercury l i n e  i s  available. 

out of t he  quartz-ultraviolet  region of the  spectrum. 

i n t e r e s t  may very w e l l  exhibit  l e s s  opt ical  density than a t  254 ~qr. 

there  i s  a small reduction i n  the  opt ical  a c t i v i t y  of nucleic acids i n  this 

region of t he  spectrum compared with t h a t  observed a t  254 mp, the  grea t ly  

increased transmittance means t h a t  f o r  a given l i g h t  source, op t ica l  

eff ic iency and sens i t i v i ty  of detection it i s  possible t o  introduct a much 

higher concentration of solute i n  the op t i ca l  path than i s  the  case a t  254 q ~ ,  

f o r  the same pathlength. The increase i n  concentration of solute which 

i s  possible,  may result i n  an overall increase i n  sens i t i v i ty  with respect 

t o  t h a t  which would be observed a t  254 mp. 

these conclusions a r e  s t i l l  subject t o  >experimental ver i f icat ion.  However, 

t he  other aspect of t h e  s i t ua t ion  i s  t h a t  i f  254 q i s  t o  be used a s  t he  

wavelength f o r  measurement then much b e t t e r  spectral  discrimination mus t  

be employed than i s  possible with opt ical  f i l t e r s .  

would have t o  be used which would require a much more complex opt ical  

system with the  disadvantages t h a t  attend any increase i n  complexity. 

any event, characterization of t h e  s o i l  ex t rac ts  and correlat ion with 

t h e i r  op t ica l  behavior i s  a necessity. 

It a l so  moves the  instrument 

The material  of 

While 

It should be emphasized t h a t  

Some form of monochromator 

In  
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4.3 Hydraulic/&chanical System 

6.3.1 Introduction 

With reference t o  f igure 6, the Ifelpar Optical Rotatory Dispersion 

U n i t  consis ts  of four inter-dependent sub-systems i n  the  following 

categories: 

(a )  Electro-Optical 

(b) E lec t r i ca l  (Control) 

(c ) Mechanical 

(d)  Hydraulic 

Categories ( a )  and (b) are  discussed separately i n  the report .  

6.3.2 Mechanical System 

The mechanical layout, sham schematically i n  f igure 6, has 

evolved as an integrat ion of sub-systems grouped on the  opt ical  system 

axis. 

Symmetry with respect t o  the op t i ca l  system a x i s  has severa l  

advantages: 

Symmetry i s  a l so  desirable from the  environmental point of view, 

Among these a re  the ease of component assembly and adjustment, 

par t icu lar ly  when thermal growth and vibrat ion are present. 

Effort has been placed on component simplification t o  ensure 

The op t i ca l  sample c e l l  r e l i a b i l i t y  without compromising performance, 

design approach is a case i n  point. 

The sample c e l l  of an ear ly  design concept incorporated a 

var iab le  opt ica l  path-length feature. The f e a s i b i l i t y  of the approach 

has been proven with the  Nelpar breadboard unit;  however, design 

invest igat ions indicated an improved construction was possible. 

23 
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Figure 6: Hydraulic/Piechanical System Schematic 
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To achieve the  e f fec t  of reducing the  solute  concentration, 

an hydraulic approach has been selected, thus eliminating t h e  or ig ina l  

c e l l  drive motor, sea ls ,  gears, l i m i t  switches, and controls. These 

a re  t o  be balanced against  an increase i n  f l u i d  reservoir volume and 

weight . 
a r e  addi t ional  advantages . 

Significant reduction i n  package s i z e  and mounting problems 

4.3.3 Hydraulic System 

6.3.3.1 General Description 

With reference t o  figure 7, the system consis ts  of a pressurized 

f l u i d  reservoir,  mixing chamber, f i l t e r ,  and sample cel l .  Also indicated 

by t he  schematic a re  three  normally-closed solenoid valves and two 

pressure switches. 

These elements sense and control system operation with 

respect t o  the  over-al l  operational requirements. An analysis and 

performance prediction of the system is  contained i n  the  Appendix. 

6.3.3.2 Operation (reference figure 7 )  

Actuation of the hydraulic system follows the  completion of 

the  three  events given below: 

1.3.2.1 Exhaust Residual A i r  t o  Ambient LaJ Pressure 

1’ v2) (Energize V 

1.3.2.2 Inser t  Sample 

1.3.2.3 Close System (De-energize V 

With these events completed, t he  system i s  i n  a ttreadylt or 

1’ v2) 

llchargedll condition. 

The mixing section may now be f i l l e d  by energizing Solenoid, V I .  

Gas under pressure i n  the one (1) l i t e r  (approximately) reservoir expulses 
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'I - 
f lu id  i n t o  the  mixing chamber. 

senses when this function is complete. 

The mixing chamber pressure switch 

The mixing chamber i s  to ro ida l  i n  shape with a f l u i d  capacity 

of 88.2 CC. A motor-driven, open-face centr i fugal  impeller is located 

on the  W n g  chamber center l ine and provides a f a s t  moving, swirling 

act ion t o  the  f l u i d  during the specified mixing t im.  

Upon completion of t h e  mixing period, fi l tered f l u i d  m y  be 

introduced t o  the sample c e l l  from the mixing chamber by energizing V2. 

The 5 micron f i l t e r ,  located central ly  i n  the mixing chamber, is both 

removable and re-cleanable f o r  convenience during t e s t  or check-out . 
The sample c e l l  pressure switch provides the s igna l  indicating that the 

8.82 cc volume of the  sample c e l l  i s  completely charged. 

A quiescent period following the  sai~ple cell ekargiEg ever?% 

allows the f lu id  circulat ion within the c e l l  t o  dampen out before opt ical  

a c t i v i t y  of the f l u i d  is sensed. 

Subsequent operation of the opt ica l  system may indicate that 

the sample material  concentration i n  the f lu id  i s  too  great. 

reducing the l i gh t  l eve l  below a detectable level. 

Thus 

Reduction i n  c e l l  f luid concentration is  accomplished by 

energizing solenoid valve V u n t i l  a detectable l i gh t  s ignal  i3 obtained. 

In theory, the reservoir/mixing chamber volume relationship (reference 

Appendix) provides a capabili ty fo r  reducing the concentration by a factor  

of 100. 

3 

If a l l  tne f l u i d  i n  the reservoir is  exhausted while operating 

i n  t h i s  mode, both pressure switches w i l l  revert  t o  the inactive s t a t e ,  

thus indicating termination of the experiment. 
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6.4 ELectronics 

Figure 6, shows a functional diagram of electronic system t o  
c 

provide the detection, control, and readout functions fo r  the experiment. 

The detection c i r cu i t s  have been described i n  a previous report, however, 

a br ie f  explanation of the control system follows. 

A push button switch has been selected t o  s t a r t  the  experiment 

i n  l i e u  of cal l ing f o r  an external s t a r t  command. 

When the  main power switch, Sl, i s  closed, power i s  applied 

t o  a l l  af the  electronic c i r cu i t s  except the  opt ical  density sensor 

c i rcu i t s .  The photomultiplier, amplifier, zero crossing detector, l i g h t  

source, the tuning fork osci l la tor ,  power amplifier, and analyzer drive 

motor a re  supplied with power. 

Push button switch, S2, may be momentarily energized any time 

T h i s  switch w i l l  s t a r t  the  programming cycle of a f t e r  power i s  applied. 

t h e  experiment. 

functions, namely sample preparation, reference recording, sample intro- 

duction, sample recording and readout. These functions a re  performing i n  

the  l i s t e d  order. By performing sample preparation first,  a l l  components 

a r e  given a period of t i m e  t o  stabil ize.  The reference record and sample 

record periods may be run w i t h  a minimum t i m e  delay between the functions. 

The sample 

The experiment may be considered t o  consist of five main 

Push button 52 s t a r t s  the sample preparation period. 

solenoid and solenoid valve m, are  energized immediately. 

t h e  sample t o  be analyzed and the liquid into the  sample preparation chamber. 

Relays % and 3 a re  a l so  energized and held. 

sample mixer motor, and solenoid valve V3 through the  normally closed contact 

of t i m e  delay relay TD2. This s t a r t s  the sample mixing process and vents the  

This places 

Relay % applies power t o  the 
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~ I-- sample c e l l  t o  the  atmosphere through V 

through another ccntact of $. 
open also s t a r t s  i t s  timing cycle. A t  the  end of the  present t i m e  delay, 

approximately 3 minutes, the  contacts of TD1 a re  closed. 

then applies pGwer t o  TD2 and TD3. 

closed f o r  approximately 5 seconds. During t h i s  period, power i s  applied 

t o  t h e  erase osc i l la tor  which i s  coupled t o  the  recording heads through 

relay 5. 
drum i s  erased pr ior  t o  the  s t a r t  of t he  recording cycles. 

Capacitor C1 i s  a l so  charged 3’ 
Time delay relay, TDl, which i s  normally 

This contact 

TD3 i s  normally closed and w i l l  remain 

This makes cer ta in  that any information lef t  on the  recording 

The contact 

of TD2 i s  opened a f t e r  two minutes and power i s  removed from V K*’ ana 3’ 
the  sample mixer motor. The release of allows C 1  t o  discharge through 

relay 5 which i s  then held closed. Thus the  5 minute sample preparation 

peciod i s  completed and the reference record period may be started.  

The closing of removes the reset function from the  record % 
pulse counters and applies power t o  the  opt ical  density (OD) sensor. 

OD sensor relay, K4, w i l l  now be energized i f  there  i s  suff ic ient  signal 

from the  photomultiplier detector t o  proceed with the experiment. 

i s  energized, the  output of t he  zero crossing detector i s  coupled through 

Kk and K6 t o  the  reference head of the recording drum, 

a r e  counted by two f l i p  flops. 

and hold relay K which prevents any additional pulses from being recorded 6 
on the reference track. 

indicat ion tha t  the reference recording cycle i s  complete. 

The 

When K4 

These recorded pulses 

The second recorded pulse w i l l  then energize 

This relay may a l so  energize a lamp t o  give a v isua l  

men  K i s  energized, power i s  a l so  applied t o  solenoid valve V2 6 
which allows the  sample m i x t u r e  t o  be introduced knto the sample c e l l  i n  

t h e  opt ica l  path. After t he  sample c e l l  i s  f i l l ed ,  which i s  detected by the  



closing of pressure switch Ply 

has not increased Fufficiently 

AND gate 1 i s  enabled. If t h e  op t i ca l  density 

t o  de-energize 5, the sample pulse i s  

rec-orded on a separate t rack  on the recorder drum. However, i f  t he  opt ica l  

densi ty  has increased suf f ic ien t ly  t o  de-energize K corresponding t o  a 

reauction i n  amplifier output on t h e  order of lO:l, power i s  applied t o  

V3 and the  mixer motor through the  pressure switch sensor. 

energized t h e  photomultiplier sens i t iv i ty  i s  increased and held, and when 

V and the m i x e r  motor a re  energized, t he  sample mixture w i l l  be di luted 

by allowing additional l iqu id  t o  flow through the  opt ica l  path sample c e l l  

and out through V is  again 

energized by deciding the  detected signal i s  of suf f ic ien t  amplitude t o  

record the  sample zero crossing point. The sample introduction cycle i s  now 

cmplete 8x6 t he  swple rezor2li-ig period m y  be initiated. 

4.' 
f l y  

When % i s  

3 

This process w i l l  continue u n t i l  re lay K 3. 4 

One pulse corresponding t o  the zero crossing point of the  

s ignal  wil l  be recorded on the sample track of the recorder. 

pulse recorded w i l l  set a f l i p  f lop  which i n  tu rn  energizes re lay  . Relay 

9 w i l l  then inh ib i t  the recording of addi t ional  pulses and remove the  rese t  

condfbion -from the  readout f l i p  flops. T h i s  indicates experimental measure- 

ments have been completed, the information i s  recorded, and the readout may 

be made. 

The first 

5 

The output of the  two recorder head playback amplifiers a r e  

coupled tbzough AND gate 2 t o  the  se t  side of f l i p  f lop  1. 

back pulses  occur a t  t he  same time, indicating no phase s h i f t  i n  t he  

detected zero crossing points, f l i p  flop 1 w i l l  be se t  indicating a "no 

ac t iv i ty"  answer. If f l i p  f lop  1 i s  not set ,  AND gate  3 i s  enabled and 

f l i p  flops 2 w i l l  be set indicating a ttyestt (phase s h i f t  was detected) 

answer. If nei ther  f l i p  f lop i s  set a malfunction i s  indicated. 

If the two play- 
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7. APPENDIX 

7.1 Analytical  Relations 

7.1.1 Mixing Chamber (Reference Figure 9 ) 
The mass and volume re la t ions  f o r  t he  mixing chamber a t  any 

time, t ,  a r e  

w = w1 + w2 

The mixture density i s  obtained by dividing equation (1) by 

equation (2). T h i s  yields 

The volumetric c oncent rat ions f elements (1) 

V may be defined a s  
m/c 

c1 = v1 
m/c 

c2 = v2 

- v 

- 
V 

m/c 

(3  1 
nd (2)  i n  

(4 1 

Combining equations (3)  and (b), we obtain 

P = C l P l  + C2Pp 

and s ince C1 + C2 = 1 , t h e  density may be expressed as 

The mass f l a w  relat ions f o r  the  volume, Vm/c, will now be 

derived f o r  a time in t e rva l ,  A t *  

The mass flow entering V i s  paqaAtj t h e  mass flow leaving 
m/c 



I -  

E 
(d 
k 
M 

h 
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q (p, - p)  = 'v' m/c $3 

where the  subscr ipt  "2" refers t o  t h e  so lu te  i n  Vm/,. 

Equations ( b ) ,  ( 5 )  and ( 7 )  may be manipulated t o  give 
0 

- -=A 

The in tegra t ion  is simple, yielding 
vqk 

Accumulation of mass i n  the volume, Vm/c, during the  time 

in t e rva l ,  A t ,  i s  

(W + E At) - W = d W  A t .  - a t  dt 
Combining these immediate r e s u l t s  y ie lds  

(paqa - pbqb) = .& 
a t  

And assuming incompressible flow (qa = qb = q), we f i n d  

(pa - 6) = 'm/c ,*~ (6  1 

Assume that t h e  l i qu id  di luent  enter ing V is iden t i ca l  
m/c 

with the l i qu id  phase i n  V 

mixture densi ty  leaving V 

s o  that pa = p2; a lso ,  % is  merely the  
m/c 

a t  any time, t, s o  pb = p. 
m/c 

With t h i s  information equation (6) becomes 

(7) 

t 
= - 1 I q d t ,  

v 
m/c 

(9) 

where Col = in i t ia l  concentration. 

For i l l u s t r a t i o n  purposes, l e t  us determine t h e  reservoir  

capaci ty  required t o  reduce t h e  concentration by a f a c t o r  of 100. 

Accordingly, 

About f ive  times the  mixing chamber volume is required t o  

e f f e c t  a 1OO:l change i n  concentration. 
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7.1.2 System Reservoir 

The t o t a l  volume of the reservoir,  Vrs 

separated by a membrane or diaphragm such t h a t  

g’ 
vr = Vf + v 
where subscripts I 1 f n  and I1gn per ta in  t 

consis ts  of two sections 

f l u i d  and gas, respectively. 

This r e su l t  may be different ia ted with respect t o  t i m e  t o  give . . 
or . 

q = - V 

From the first l a w  of thermodynamics and the equation of state 

the volumetric flow rate .  
g’ 

f o r  a perfect  gas undergoing an isentropic expansion (closed system; 

i ~ s v i ~ g  bocndaries), we may mit,e the following re la t ion  between pressure 

and volume: 

Logarithmic different ia t ion of equation (11) with respect t o  

time yields  

and from the preceding volume relat ions,  t h i s  r e su l t  becomes 

As another i l l u s t r a t i v e  example, l e t  us compute the t o t a l  volume 

of the reservoir,  Vry fo r  a 50% reduction i n  gas pressure a t  the end 

of the expansion process. 
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From equation (ll), we have 

Assuming a spec i f i c  heat r a t i o ,  Y- 1.4, t h e  volume r a t i o  is  

A t  the  end of t he  expansion process, a l l  t h e  f l u i d  has been 

expulsed so  that V = Vr. 
g2 

Therefore, 

r v = 0.609 v 
g l  

Adding equations (10) and (13): 

The t o t a l  volume of the reservoir  i s  about 1 2  times the volume 

of t h e  mixing chamber, and combining equations (10) and (a) we obtain 

the  use fu l  r e l a t ion  

Vf = 0.391 Vr, 

So approximately bo$ of the reservoi r  capacity contains f lu id ;  

60% contains gas, which undergoes an expansion such t h a t  the  f i n a l  pressure 

i s  one-half t he  i n i t i a l  pressure. 

7.1.3 Hydraulic System Pressure Drop and Flow 

With reference t o  figure 7 ,  t he  pressure drop-flow re la t ions  

f o r  a l l  valves,  f i t t i n g s ,  tubing, bends, e tc .  may be described by t h e  

following four  equations: 



1/2 Valves , 
Orifices: q = CAAp 

Fi l te r :  q = CAAp exp ( - t/z> 
The exponential term i n  the  f i l t e r  equation describes the 

t i m e  dependency of the f i l t e r  resistance due t o  the  sol ids  build-up 

i n  the  f i l t e r  pores. 

with a first order exponential curve f o r  comparison. 

Typical f i l t e r  performance is  shown i n  figure19 

Equations (16) are not i n  a convenient common form f o r  fur ther  

developent; so, -&%h rearra~gnmnt. equations (16 1 become 

: q=clAAp 1/2 
Bends 

1/2 
Valves , 
Orifices: 

Sudden 

q = C2 A A p 

1/2 Expansions, etc: q = C3 A A p 

F i l t e r  : 

Where 

q = CF 5 A P exp ( - t/4, 

Squaring the first three equations of (17)  and adding the 

r e s u l t  t o  the fourth, we obtain 

(181 1 i 1 2 c-  C2A2 ['F % exp -t/7J = pg 
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Where 

i 
I R  
I 
1 

8 
11 

= ambient pressure a t  s ta t ion  (8) (reference figure 7 ). Pa 
The summation process, 1 1 is independent of the order of 

C2A2 
formation, so the  component loss factors associated with s ta t ions  (1) 

through (8) m y  be expressed conveniently as  a system constant i n  the 

summation. 

Solving equation (18) f o r  q : 

1 e 
q = 2 C  A 1 

F F exp (-t/dm 
C A  

' f  

I 
8 
I 
I 
1 
I 
I 

f low r a t e  i n  terms of the  system parameters. 

7 1.4 Calculation Procedure for  System Flow Rate 

The rsservoir gas pressure and volume-time relationship may 

be estimated by the method of f i n i t e  differences applied t o  equation 

( 1 9 )  and those tha t  follow below. 

For some small increment i n  time, the reservoir gas pressure 

will be 

('g) t + A t  = (PgIt - h g A t ,  

and from equation (12) we have 

Similarly, the  reservoir gas volume f o r  this time increment w i l l  be 
0 

1 
I 

39 



The f lu id  flow r a t e  a t  any instant  may now be estimated from 

equations (19), (20), and (21). 

7 02 Design Calculations 

7.2.1 Sample C e l l  

From prior  work with the breadboard uni t ,  a c e l l  length of 

5 cm. is a prac t ica l  working figure. 

For a fi mm in te rna l  diameter that is  commensurate with the 

working dimensions of the  polarizer/analyzer prisms, we f i nd  the sample 

c e l l  volume t o  be 

v = 8.82 CC. 
S I C  

7.2.2 Mixing Chamber 

If the  sample c e l l  volume is 10% or l e s s  of the mixing chamber 

volume, there w i l l  be no significant change i n  the i n i t i a l  concentration 

when the  sample c e l l  is charged. 

Accordingly, f o r  10% : 

v = 00.2 cc 
m/c 

7.203 

be 

Reservoir 

From equation (a), the t o t a l  volume of the reservoir,  Vr, w i l l  

Vr a 11.77 Vm,, 

or  

Vr = 1036 CC. 

The f lu id  volume, Vf, is found from equation (15). 
Vf = 40s cc. 

This is 



li 

1 

I 
I 

If we assume the f luid t o  be water, the weight is 

Wf = 40s grams ( h . 3  02.) 

4 i  
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